The objective of this study was to identify mechanisms through which valproic acid (VPA) causes weight gain. Healthy participants (N = 52) were randomized to VPA or placebo in a double-blind study. Energy intake (EI) was measured in the laboratory at lunch and dinner, and physical activity (PA) was measured with accelerometry. Glucose levels and hormones [Peptide YY 3-36 , glucagon-like peptide-1 (GLP-1), leptin, ghrelin, insulin] that regulate EI were measured. Assessments occurred at baseline and week 3. Change from baseline was evaluated with mixed models (α = 0.05). Weight significantly increased in the VPA group (+0.49 kg), but not the placebo group. The VPA group increased fast food fats cravings and decreased glucose levels compared with placebo. Change in weight, EI and PA did not differ by group. Within group analyses indicated that the VPA group increased PA, hunger, binge eating, depression and GLP-1. VPA-associated weight gain is not likely due to changes in PA or the gut hormones studied. Although EI did not increase when measured after 3 weeks of treatment, VPA decreased glucose levels and increased motivation to eat; hence, EI might have increased in the short-term. Research testing VPA on short-term (1 week) EI, metabolism, and substrate partitioning is warranted.
Introduction
Valproic acid (VPA) is an anticonvulsant medication used to treat epilepsy (Brodie and French, 2000) , mania associated with bipolar disorder (Bowden, et al., 1994; Pope, et al., 1991) , and as a prophylaxis for migraine headache (Mathew, et al., 1995) . One side effect of VPA that negatively influences its appeal is weight gain. Weight gain has been found to occur in 57% of adults (Dinesen, et al., 1984) and 58% of older children and teenagers (Wirrell, 2003) treated with VPA. The average amount of weight gained during VPA treatment is approximately 6 kg (Biton, et al., 2001; Chengappa, et al., 2002) and women gain more weight compared with men (El-Khatib, et al., 2007) .
The mechanism by which VPA increases body weight is not understood. The balance between energy intake and expendi-ture influences body weight; therefore, VPA may alter energy intake, physical activity (PA)/energy expenditure or both. Alterations in energy intake or expenditure can result from, or be associated with, changes in biological mechanisms, including hormone levels. In vitro studies suggest that VPA initiates pancreatic insulin secretion that might increase appetite and energy storage and result in weight gain (Luef, et al., 2003) . Indeed, VPA treatment has been found to increase postprandial insulin and proinsulin levels (Luef, et al., 2002) . Similarly, adults treated with VPA who develop obesity have been found to have higher levels of serum insulin and leptin compared with those who do not gain weight (Verrotti, et al., 1999) , and VPA-treated children have increased insulin levels and decreased glucose levels (Demir and Aysun, 2000) . Pylvanen, et al. (2002) found that VPA-treated participants had higher serum insulin levels, but not leptin levels, compared with controls who had similar body mass index. They concluded that hyperinsulinemia and possibly insulin resistance contributed to weight gain, but leptin had no independent role in VPA-related weight gain.
Hormones released in the gut might be affected by VPA and alter energy balance. Candidate hormones include ghrelin, glucagon-like peptide-1 (GLP-1) and peptide YY ). Ghrelin increases food intake (Bray, 2003) , and GLP-1 and PYY 3-36 decrease food intake (Batterham, et al., 2003; Small and Bloom, 2005; Stanley, et al., 2004) . One study found that ghrelin was lower in patients who gained weight compared with those who did not gain weight during VPA treatment (Greco, et al., 2005) . To our knowledge, the effect of VPA treatment on GLP-1 and PYY 3-36 has not been studied.
One study tested the effects of VPA on energy intake and expenditure, and this study failed to find changes in either energy intake or expenditure after 4 weeks of VPA administration. Nevertheless, the study had a small sample size (n = 8), was uncontrolled, and relied on methods to measure energy intake (food records and recall) that may have introduced bias and were unlikely to detect changes in such a small sample (Breum, et al., 1992) .
The purpose of the present study was to test the effects of VPA on: (i) body weight, (ii) food and beverage intake, (iii) free-living PA levels, (iv) the endocrine response to a meal and (v) eating attitudes and behaviours. To our knowledge, this randomized, placebo-controlled trial was the first to test the effects of VPA on food and beverage intake measured in the laboratory, objectively measured PA levels, and hormones that regulate energy balance. It was hypothesized that VPA treatment would result in: (i) increased food intake, (ii) reduced levels of PA and increased sedentary behaviour, (iii) increased hunger, food cravings and disinhibition or the tendency to overeat, and (iv) diminished physiological satiety signals (i.e. increased ghrelin and decreased GLP-1 and PYY).
Materials and methods

Research design and procedure
Participants completed a screening visit to determine eligibility. Participants provided written informed consent and the study was approved by the Institutional Review Board of the Pennington Biomedical Research Center.
During this double-blind randomized controlled trial, participants were followed for 3 weeks while taking either VPA or placebo, and they completed a follow-up visit 4 weeks after treatment was discontinued. The outcome variables were measured at baseline before random assignment to VPA or placebo. After 3 weeks of treatment, the outcome variables were measured again and treatment was discontinued. Participants returned 4 weeks later for a follow-up visit.
The specific days on which procedures were conducted follow. Physical activity was measured with accelerometry for 2 days at baseline (days -2 and -1, which were the 2 days prior to the baseline food intake tests) and 2 days at week 3 (days 19 and 20). Participants completed test meals on days 0 and 21. Following the assessments on day 0, participants were randomly assigned to receive placebo or VPA. On days 3, 7 and 14, participants reported to the clinic for a blood draw, dose management, and assessment of adverse events (AEs) and medication adherence. Participants returned to the clinic on day 49 for follow-up.
Participants
Healthy adult volunteers were recruited through media advertisements for this randomized placebo-controlled trial. The inclusion criteria were: (1) age, 18-54 years and (2) BMI (kg/m 2 ), 20-30, inclusive. The exclusion criteria included: (1) urea cycle disorders, (2) impaired liver function, (3) pancreatitis, (4) dietary restraint score >14 or disinhibition score >12 on the Eating Inventory (Stunkard and Messick, 1988) to exclude people with irregular eating patterns that contribute to weight fluctuations, (5) weight gain or loss >2.3 kg (five pounds) in the 6 months prior to the study and (6) use of drugs that are contraindicated for VPA treatment, including anticonvulsants, barbiturates, tranquilizers, antidepressants and blood thinners. For females, additional exclusion criteria were: (1) pregnant or unwilling to use an effective form of contraception, (2) irregular menstrual cycles, (3) use of any oral contraceptive other than monophasic oral contraceptives, (4) history of partial hysterectomy, (5) nursing, and (6) history of polycystic ovarian syndrome. Exclusion No. 3 for females provided experimental control of hormone levels that affect food intake. All females were tested during the luteal phase of the menstrual cycle and monophasic oral contraceptive use results in a hormone profile similar to the luteal phase. Participants received monetary compensation for completion of the study.
The study statistician (HH) randomly assigned participants to receive either placebo or VPA in a 1:1 ratio (sequence was concealed) from February to August 2006. Randomization was stratified in an attempt to include equal numbers of men and women in the VPA and placebo groups. Body mass was also stratified according to low (20 ≤ BMI < 25) and high (25 ≤ BMI ≤ 30) BMI to help ensure mean BMI values were similar between groups in the event that VPA differentially affected people by body mass. Efforts were made to recruit 26 people in both the low and high BMI groups.
Materials and procedures
Valproic acid Weight gain appears to be less severe with the extended release (ER) formulation compared with the delayed release (DR) formulation of VPA (Smith, et al., 2004) , and higher serum levels are associated with greater weight gain (Bowden and Singh, 2005) . In the present study, the DR formulation of VPA was administered to participants twice a day. The starting dose of VPA was 10 mg/kg/day, with a dose escalation of 5 mg/kg/day at day 4 and a maximum dose of 1500 mg/day. Dose was rounded to the nearest 250 mg (the size of the tablet). On day 4, participants in the placebo group had their regimen increased by two pills to reduce the possibility that participants could determine their group assignment. Pill taking adherence was quantified with pill counts on days 3, 7, 14, and 21. Additionally, plasma VPA concentrations were quantified as a measure of adherence and to determine if the therapeutic range of VPA (50-100 μg/ml) was achieved, which would increase generalizability of the study findings. Plasma VPA concentrations were measured at screening and days 3, 7, 14, 21 and 49 (on day 49, participants had not taken VPA or placebo for 28 days). Plasma VPA levels and blood test results were reviewed by the study physician and VPA dose was adjusted if laboratory results were abnormal or if serum levels exceeded 120 μg/ml. Test meals Food intake was measured in the Pennington Biomedical Research Center's Ingestive Behavior Laboratory. Participants completed food intake tests individually at lunch and dinner before (day 0) and after (day 21) treatment. Participants were asked not to eat food or drink calorie-containing beverages for 12 h prior to each test lunch, and between lunch and dinner (4 h separated lunch and dinner). The energy and macronutrient content of the foods served during the ad libitum lunch and dinner are outlined in Table 1 . Sugar-sweetened and diet sodas and teas were provided at dinner to determine if VPA treatment increased consumption of calorie-containing beverages. Total food intake (kcal) and intake of protein, fat and carbohydrate was calculated from weighing food provision and plate waste. Participants remained at the center for 1 h after the start of their lunch to complete a blood draw. Participants were then free to leave the center and were given explicit instructions not to consume food or any beverages other than water prior to returning for dinner 3 h later. Measures of eating behaviour in the laboratory have been found to be reliable over time and appropriate for serial evaluation (Martin, et al., 2005) .
Physical activity Each participant was fitted with an MTI (Manufacturing Technology Inc., Fort Walton Beach, Florida, USA) activity monitor that was worn on the hip 24-h per day for two consecutive weekdays at baseline (days -2 and -1) and days 19 and 20. The accelerometer collected data in 1-min epochs. The accelerometers were used to measure the minutes of sedentary behaviour, light PA, moderate PA and hard/very hard PA. 1 . The MTI accelerometers used in this study have been found to reliably estimate energy expenditure with a predictable deviation compared with the gold standard measurement, doubly labeled water (McCrory, et al., submitted for publication).
Eating attitudes and behaviours
The following questionnaires were used to measure changes in eating attitudes and behaviours during treatment. The questionnaires were completed at baseline and days 21 and 49. The Eating Inventory (EI) has adequate reliability and validity and measures dietary restraint (the intent to restrict food intake), disinhibition (the tendency to overeat) and perceived hunger Messick, 1985, 1988) . The EI evaluated change in these parameters during treatment and it was used to exclude potential participants who had elevated scores on the dietary restraint (>14) and disinhibition (>12) scales, due to the relation of these scales with eating and body weight (Lawson, et al., 1995; Smith, et al., 1998) .
The Multifactorial Assessment of Eating Disorders Symptoms (MAEDS) (Anderson, et al., 1999) assesses six symptoms related to eating disorders: binge eating, purgative behaviour, avoidance of forbidden foods, restrictive eating, fear of fatness and depression. The MAEDS was normed on a large sample of participants, allowing raw scores to be converted to standardized t-scores.
The Food Craving Inventory (FCI) is a valid measure for general cravings, represented by the total score, and cravings for: sweets, high fats, carbohydrates/starches and fast food fats (White, et al., 2002) .
The Body Shape Questionnaire (BSQ) is a reliable and valid measure of body size and shape concerns (Cooper, et al., 1987) .
Clinical chemistry A blood sample, collected during the screening process, was utilized to exclude participants for whom VPA administration is contraindicated (impaired liver function). A urine sample was collected from females at screening to confirm that they were not pregnant. The study physician closely monitored liver function, platelet levels, amylase, and plasma concentrations of VPA. Therefore, the study physician was not blind to group assignment, but it is noted that data collection was conducted exclusively by the blinded study staff and the study physician was not involved.
Lipids [total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides], glucose, insulin, creatinine, albumin and platelets were measured on days 0 and 21. All of these parameters except insulin were also measured on day 49. Insulin was measured during a fasting state. These endpoints were processed on a Beckman Coulter DXC600 (Beckman Coulter, Fullerton, California, USA), with the exception of insulin which was processed on a Siemens Immulite 2000 (Siemens Healthcare Diagnostics Inc., Deerfield, Illinois, USA), and platelet count, which was processed on an Hmx (Beckman Coulter, Fullerton, California, USA). Only specimens for platelet counts contained ethylenediaminetetraacetic acid (EDTA) additive. All specimens were processed on a centrifuge at 3500 rpm (g = 2851) for 15 min at room temperature, except the specimens for platelet counts which were not processed on the centrifuge. All specimens were comprised of serum and stored at −80°C, with the exception of the specimen for platelet counts, which was whole blood.
Satiety hormones On days 0 and 21, a blood sample was collected half an hour before and 1 h after the start of lunch to test endocrine responses to test meals. The timing of these samples is based on the finding that PYY 3-36 and GLP-1 peak 1 h after a meal (Adam & Westerterp-Plantenga, 2005; le Roux, et al., 2005) . All specimens except leptin included the additive EDTA. All specimens were processed with a centrifuge at 3500 rpm (g = 2851) for 15 min at room temperature and were stored at −80°C. All specimens were processed using radioimmunoassays with a Linco Packard Riastar gamma counter (Perkin Elmer, Shelton, Connecticut, USA), except GLP-1, which was processed on a Bio Rad Microplate (Bio-Rad Laboratories, Hercules, CA, USA) reader using ELISA.
Clinic visits Height, body weight and waist circumference were measured at screening, and body weight and waist circumference also were measured on days 21 and 49. Anthropometrics were collected in the morning after an overnight fast, following voiding. These measures were collected in the Center's Outpatient Clinic by two certified personnel following the Standard Operating Procedures for collection of these data. Height was measured using a wall-mounted stadiometer and weight was measured with a scale that measures to within 0.1 kg. The stadiometer and scale are calibrated weekly. Height was measured without shoes and weight was measured with the participant wearing only a hospital gown that was also weighed and subtracted from the weight of the participant. Height and weight were measured twice and a third measurement was collected if the two height measures differed by more than 0.5 cm or weight differed by more than 0.5 kg (the mean of the two measurements was recorded, or the mean of the two closest measurements if three measurements were needed). When measuring waist circumference, the volunteer stood in a straight upright position with feet together and hands by their side. The waist was identified (the narrowest part of the torso) and measured with undergarments pulled below the waist. a The Intelligent Device for Energy Expenditure and Activity (IDEEA™; MiniSun LLC, Fresno, California, USA) was used to measure the energy expended during sedentary and ambulatory behaviours. The IDEEA data are not reported because data collection was hindered by technical difficulties (11 and 21 participants in the VPA and placebo groups, respectively, had complete IDEEA data at baseline and follow-up).
Participants were queried about AEs on days 3, 7, 14 and 21. On day 49, participants were offered services to help them lose weight that they might have gained during the study (no participants accepted this offer).
Data analytic plan
Data analysis
The primary outcome variables included change in body weight, food intake, PA, eating attitudes and endocrine response to a test meal. Difference scores (e.g. weight on day 21 minus weight on day 0) were calculated to quantify change over time. Mixed models were used to test if: (1) change over time differed by group (between group comparisons) and (2) each group's scores changed significantly over time (these within group analyses were planned a priori). Baseline values were entered as covariates and two-tailed tests were utilized. The hypotheses and statistical tests for the primary outcome variables were developed a priori and α was set at 0.05. For the remaining variables, α was set at 0.01. During development of the study design, a power analysis indicated that with 26 participants per group we could detect a difference of 385 kcal in food intake change between groups. The variance estimate for this power analysis was calculated from test meals conducted in our laboratory that were very similar to those used in the present study (the standard deviation from the pooled variance was 488 kcal). The power analysis assumed a two-tailed test and power equal to 0.80. A difference between groups of 385 kcal for change in food intake is a representative effect size for laboratory-based studies that examine the effect of compounds on food intake (e.g. Rolls, et al., 1998) .
Results and discussion
Participant recruitment and descriptive characteristics of the study sample Participant recruitment is outlined in Figure 1 and the descriptive characteristics of the sample are summarized in Table 2 . The VPA group had significantly higher baselines levels of hunger compared with the placebo group. Twenty-eight (54%) and 24 (46%) participants were recruited in the high and low BMI categories respectively.
Adherence and adverse events
Plasma VPA concentrations for the VPA group are illustrated in Figure 2 , demonstrating that the therapeutic range of 50-100 μg/ml was achieved. Pill counts suggested good adherence for the VPA (>95%) and placebo (>93%) group. In the VPA group, a total of 36 AEs were reported (17 gastrointestinal, seven neurological, five respiratory, five genitourinary and two dermatologic). In the placebo group, a total of 18 AEs were reported (five neurological, four gastrointestinal, four respiratory, two musculoskeletal, two oral and one genitourinary).
Body weight and food intake
The results of the following analyses are summarized in Table 3 .
As illustrated in the second and third columns of Table 3 , within group analyses indicated that the placebo group lost 0.08 kg (P = 0.70) and the VPA group experienced a significant increase in body weight (0.49 kg, P = 0.03) during this 21-day trial. The between group test indicated that body weight change did not differ significantly by group, although the Pvalue approached significance (P = 0.06, see the last column on the right of Table 3 ).
As outlined in Figure 1 , five participants' data were eliminated from the primary (food intake) analyses for failure to comply with the protocol. Specifically, these participants' eating behaviour negated the ability to accurately estimate food intake and macronutrient consumption. For example, some participants broke apart the sandwiches and ate only certain ingredients from the sandwiches.
Change in food intake from baseline to day 21 did not differ significantly between the groups (Table 3) . Within group analyses showed that neither the VPA nor placebo group experienced a significant change in food intake (P > 0.15). Similarly, change in fat, carbohydrate and protein intake did not differ between or within groups.
Change in energy intake from beverages from baseline to day 21 did not differ between or within groups (Table 3) . Additionally, change in the number of grams of beverages consumed from baseline to day 21 did not differ between or within groups.
Physical activity
Accelerometers Two participants' data were not available for analysis due to device malfunction. The VPA and placebo groups did not differ significantly on change in minutes per day of sedentary behaviour or light or moderate PA (p-values >0.44). As illustrated in Figure 3 , the VPA group experienced a significant decrease in minutes of sedentary behaviour from baseline to day 21 (P = 0.047, LS Mean = −35.2 min) and a significant increase in minutes of light PA (P = 0.01, 43 min) based on within group comparisons. The placebo group had no changes on these measures (P > 0.12). Data for Hard/Very Hard PA are not shown, because participants engaged in <1 min of this activity per day.
Change in endocrine response to a test meal
Changes in endocrine response to a meal were evaluated from baseline to day 21. The groups did not experience significantly Effect of VPA on energy intake and expenditure 819 different changes for ghrelin, GLP-1, leptin or PYY (Table 3) . Within group analyses indicated that neither group experienced a significant change from baseline for ghrelin, leptin or PYY (p-values >0.09). The VPA group experienced a significant increase in GLP-1 (P = 0.04).
Eating attitudes and behaviours
Eating Inventory There were no differences by group on change scores for any of the subscales of the Eating Inventory (Table 3 ). The VPA group experienced a significant (P = 0.01) increase in hunger. The VPA group had higher hunger scores at baseline, although the statistical model included baseline hunger values as a covariate and used change scores as the endpoint, providing considerable control for this baseline difference.
Food Craving Inventory The VPA group had a significant increase in cravings for fast food fats compared with placebo (Table 3) . Change in food craving scores did not differ between or within groups for the total score or the carbohydrates/ starches, high fats and sweets subscales. The column on the far right contains P-values from the comparisons between the VPA and placebo group.
MAEDS Change in MAEDS subscales did not differ by group. The VPA group had significantly increased scores on the binge eating (P = 0.049) and depression (P = 0.02) subscales of the MAEDS.
Body Shape Questionnaire Change in concern for body size and appearance from baseline to day 21 did not differ between or within groups.
Waist circumference and blood pressure
Change in waist circumference and blood pressure (systolic and diastolic) from day 0 to 21 did not differ between the groups. Within group analyses indicated that the VPA group had a significant decrease in diastolic (P = 0.006) blood pressure from day 0 to 21.
Clinical chemistry
Change in creatinine and triglycerides from baseline to day 21 did not differ significantly between or within groups. The VPA group had significantly decreased albumin, total cholesterol, LDL, glucose and platelets compared with placebo (all Pvalues <0.01).
Change in endpoints from baseline to day 49
Change in body weight (P = 0.83), waist circumference (P = 0.65) and systolic and diastolic blood pressure (P > 0.21) from baseline to day 49 did not differ significantly by group. Neither group experienced a significant change in body weight from baseline to day 49 based on within group analyses (P > 0.86). The groups did not differ on changes in the following selfreport measures from baseline to day 49: Eating Inventory (P > 0.12), FCI (P > 0.61), MAEDS (P > 0.24) and BSQ (P = 0.44). Based on within group analyses, the VPA group had a significant increase in hunger from baseline to day 49 (LS Mean = 1.67, P = 0.004), and the placebo group had a sig-nificant increase on the fear of fatness subscale of the MAEDS (LS Mean = 2.45, P = 0.02).
Discussion
The results of this randomized controlled trial indicated that VPA treatment was associated with a significant increase in body weight among healthy participants treated with VPA for 3 weeks, although body weight change failed to reach statistical significance between groups (P = 0.06). This finding supports previous literature (Dinesen, et al., 1984; El-Khatib, et al., 2007; Wirrell, 2003) and the amount of weight gained during 3 weeks of VPA treatment in this study (+0.49 kg) is similar to the amount of expected weight gain based on other studies (Biton, et al., 2001) , assuming that weight gain occurred steadily during treatment.
The trial reported herein indicates that VPA-induced weight gain is not likely the result of changes in PA or levels of leptin, ghrelin, GLP-1 or PYY. This is the first study to investigate the effects of VPA on food intake measured in the laboratory and although energy intake did not change from baseline to day 21, the VPA group experienced significantly increased cravings for fast food fats compared with placebo. Based on within group analyses, the VPA group experienced significantly increased hunger and binge eating, which are associated with increased energy intake. These findings suggest that the VPA group might have increased energy intake in the short-term and volitionally reduced energy intake by the 21st day of the protocol. Increased depression levels in the VPA group suggest increased dysphoria during the trial. The study design would have been improved by including energy intake measurements earlier in the protocol (day 7) and measuring energy intake over a longer duration to detect subtle changes in intake. For example, doubly labeled water could be used to provide an accurate estimate of energy intake over a 2-week period (Livingstone & Black, 2003; Schoeller, 1990) .
In contrast to the hypothesis, the VPA group decreased sedentary behaviour and increased activity levels, although changes in activity levels did not differ significantly by group. These findings indicate that changes in activity levels are not likely responsible for VPA-associated weight gain, i.e. VPA treatment does not induce sedentary behaviour and subsequent weight gain. Although, it is possible that the VPA group volitionally altered their PA levels, activity levels have been found to increase without volition during positive energy balance and this increase helps prevent fat gain (Levine, et al., 1999) . It is possible that VPA contributes to a positive energy balance and the body attempts to limit weight gain by increasing activity levels and, subsequently, energy expenditure. This is the first study to examine the effect of VPA on PYY and GLP-1. Change in these hormones did not differ significantly between the VPA and placebo groups. The VPA group experienced an increase in GLP-1, which suggests that the VPA participants experienced increased physiological satiety signals after treatment. This finding is counterintuitive; if VPA Asterisks indicate that the difference score, which represents change over time within each group, differed significantly from zero (*P < 0.05, **P < 0.01, ***P < 0.001). The P-value for the between group comparison is provided in the far right-hand column. This P-value represents the test to determine if change over time differed by group. Significant P-values and difference scores are noted in bold text. Hormone change scores represent the change in the response of hormones to a meal from baseline to day 21. Therefore, positive numbers represent an increased level of the hormone in response to a meal.
increases energy intake, it is expected that satiety signals would be attenuated. The results of this study indicate that the satiety hormones are not responsible for VPA-associated weight gain. This conclusion builds upon the findings of Pylvanen et al. (2002) , who concluded that leptin has no independent role in VPA-associated weight gain. Theoretically, it is reasonable to assume that the satiety hormones might not protect an individual from a positive energy balance that is secondary to VPA treatment. For instance, leptin is most potent when an organism is underweight and in a negative energy balance, but leptin signals are not effective when an organism is obese and in a positive energy balance (Berthoud, 2007; Hofbauer, 2002) . Additionally, VPA might have changed the microstructure of eating (e.g. changed eating rate), which subsequently affected levels of satiety hormones. Gastric emptying and GLP-1 levels are associated (Miholic, et al., 2007) and gastric distension activates GLP-1 neurons in rats (Vrang, et al., 2003) . In the current study, the VPA group non-significantly increased their rate of eating from baseline to day 21 and the placebo group had a slight decrease in eating rate (data not shown). Therefore, it is possible that changes in eating rate or eating microstructure affected GLP-1 levels. Lastly, VPA treatment might render the body unable to detect satiety signals associated with satiety hormones, rendering them ineffective. Compared with the placebo group, the VPA group experienced a significant reduction in glucose levels from baseline to day 21. Insulin levels, however, did not change significantly in the VPA group, and GLP-1 infusion decreases glucose in healthy participants (Gutniak, et al., 1992) and type 2 diabetic patients (Willms, et al., 1996) . Therefore, it is likely that the decreased glucose levels observed in the VPA group were the result of increased GLP-1. These results do not support previous findings suggesting that hyperinsulinemia contributes to VPA-associated weight gain (Pylvanen, et al., 2002) , although the conclusions from the present study are qualified by the short duration of the study and the relatively small amount of weight gain observed.
Twenty-eight days after the last dose of VPA or placebo, almost all of the changes noted during the study no longer differed significantly from baseline values (only the VPA group's hunger score remained significantly elevated compared with baseline). Body weight returned to baseline for the VPA group and was only 0.06 kg on average above baseline body weight. Hence, people who gain weight during VPA treatment will likely lose the weight when treatment is discontinued. Change from baseline to day 49 did not differ between groups on any endpoint.
The present study has many strengths, including: (i) the inclusion of lean and overweight healthy individuals, (ii) random assignment in a double-blind, placebo-controlled trial, (iii) objective measurement of energy intake, including beverage intake, (iv) objective measurement of activity, (v) measurement of eating attitudes and behaviours and (vi) measurement of hormones that regulate energy balance. Additionally, the results of this study suggest that research is warranted on the efficacy of the following interventions to prevent weight gain or promote weight loss among participants taking VPA: (1) cognitive-behavioural interventions to reduce disinhibited eating, hunger, food cravings and binge eating, (2) cognitive interventions to increase dietary restraint, (3) structured meal plans that may include portion-controlled foods and (4) drugs used to treat obesity.
The study also has limitations. First, energy intake and activity levels were measured for 2-day intervals at baseline and week 3; therefore, short-term changes in these parameters could not have been detected. Based on work in our laboratory, some compounds affect food intake acutely, i.e. within 1 or 2 weeks, but food intake frequently returns to baseline after 4-8 weeks of administration of the compound. Second, participants in this study did not have a clinical diagnosis (e.g. epilepsy), although the observed weight gain in this sample was consistent with weight gain observed in clinical samples, and the inclusion of participants without a clinical diagnosis is a strength to the study, as the confounding effects of concomitant or previous medication use on the outcome variables were eliminated. Third, statistical power for some analyses was limited. Fourth, substrate partitioning and energy expenditure were not measured.
In conclusion, VPA-associated weight gain does not appear to be the result of changes in activity levels or hormones. Increased food cravings, hunger and binge eating suggest that energy intake might increase, at least acutely, after VPA treatment. Research is warranted that measures energy intake: (1) in the short-term (1-2 weeks after VPA treatment is initiated), (2) with very sensitive methods and (3) over a number of days to detect relatively subtle changes in energy intake. Additionally, research that measures changes in resting metabolic rate and substrate partitioning in response to VPA treatment would provide important information about the effects of VPA on metabolic processes that affect energy balance. Effect of VPA on energy intake and expenditure 823
